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Electric vehicles contribute a major role in building an eco-friendly 
environment. Li-ion batteries are most widely used in electric vehicles. It is 
very important to maintain the operation of Li-ion batteries within their 
“safety operation area (SOA)’. Hence implementing a battery management 
system (BMS) becomes a necessity while using Li-ion batteries. This paper 
proposes an intelligent BMS for electric vehicles using proportional integral 
derivative (PID) control action along with artificial neural network (ANN). 
It prefers the improved pulse charging technique. The design consists of a 
battery pack containing four 12 V Li-ion batteries, MOSFETs, Arduino Uno, 
a transformer, a temperature sensor, a liquid-crystal displays (LCD), a 
cooling fan, and four relay circuit are used. Arduino Uno is used as a master 
controller for controlling the whole operation. Using this design 
approximately 38 minutes are required to fully charge the battery. 


PID control action Implementation results validate the system performance and efficiency of 


Pulse charging technique the design. 
This is an open access article under the CC BY-SA license. 
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1. INTRODUCTION 

Industries face numerous challenges in introducing electrified approaches to their ranges, and engine 
configurations, as well as inverters' acquiescence by customers of electric vehicles (EVs) and electric vehicle 
batteries that are not hybridized with ICEs. The investigators discuss different electrical drives, such as 
switched reluctance motor (SRM) [1]-[4], brushless DC motor (BLDC), permanent magnet synchronous 
motors (PMSM), and induction motor drives, in addition to their constraints, and presented configurations for 
EV applications in [5], [6]. High-efficiency DC-DC converter for renewable energy applications employing a 
fuzzy logic controller has been presented in [7]. Contrasts the experimental applications of over-modulation 
schemes in modular multilevel cascaded converters for harmonic elimination for 3-phase two-level voltage 
source inverters are discussed [8], [9]. For voltage balancing, [10] presented a modular multilevel converter 
with a simplified nearest-level control (NLC) strategy. Characterizes the implementation and monitoring 
conceptions of a value stream mapping (VSM-based) multilevel PV-STATCOM for harmonic elimination in 
a distributed energy system [11]. The uses of include flexible AC transmission systems (FACTS) controllers 
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and custom devices as well as EV applications demonstrate a wide range of power quality improvement 
methodologies [12]-[14]. 

EVs contribute to the efficient use of energy and zero-emission of gases that causes global warming. 
major components of an EV are the electric motor along with the motor controller, battery, battery 
management system (BMS), wiring system, plug-in charger, regenerative braking system, and lastly the 
frame and vehicle body [15], [16]. The plug-in charger should be capable of operating separately for the 
vehicle. The battery of an EV comprises battery cells on a large scale. For efficient charging and monitoring 
of these battery cells a well-designed BMS is a necessity especially while using Li-ion batteries [17], [18]. 
The design of BMS is the most crucial part of the EV system as protecting the battery from 
overcharging/over-discharging is the main target as it may further lead to major damage to the battery along 
with temperature rise. This can also reduce the battery lifespan [19], [20]. On average 30-100 KWH is the 
general battery capacity range used in EVs [21]. The main function of BMS is maintaining the safety and 
reliability of the battery. Constant monitoring and evaluation of battery state. Control and monitor the state of 
charge (SoC). Cell balancing and control of operating temperature, ensure fast charging. This paper focuses 
on the hardware implementation of intelligent BMS for the fast charging of EVs. It consists of a pulse 
charging circuit where a neural network is used to optimize proportional integral derivative (PID) parameters. 
The whole system is operated using an Arduino Uno controller. Liquid-crystal displays (LCD) are used to 
display the corresponding results. Validation of the proposed design is tested for charging and discharging 
modes. Major contributions from this research are ensuring a fast and optimized charging process with 
approx. 38 mins requirement to fully charge the battery. To continuously control and monitor on 
charging/discharging process maintaining 100% SoC. To minimize the conversion losses and ensure 
minimum risk of battery damage and also to an extended battery of life. 

This paper is divided into five sections. Section 1 describes the introduction of paper and details 
literature review with problem identification. Section 2 illustrates the proposed system architecture with a 
block diagram in which AC-DC and DC-DC converters, the control system using PID control action with the 
help of the neural network, and MOSFET circuitry controls of pulse-width modulation (PWM-based) charge 
pulses are explained in detail. In section 3, the experimental setup is described in detail with all hardware 
used in the proposed system. Section 4 gives information related to hardware implementation results in terms 
of battery SoC, and the temperature in charging and discharging mode, and also gives information related to 
SoC variation with time and temperature variation with time. Section 4 also gives comparison results for 
software implementation of the hardware-designed system. Section 5 finally gives the conclusion of the 
proposed system design. 


2. PROPOSED SYSTEM ARCHITECTURE 

Figure | illustrates the structure of the battery charging unit for electric vehicles. The electric grid, 
AC-DC converter, DC-DC converter, master control, control system, and batteries are the main components 
of the charging unit. The electric grid is the source of energy generation. This can be either conventional 
sources or renewable energy sources such as solar energy. The incoming energy which is AC nature due to 
the generation sources needs to be converted into DC as batteries operate on DC voltage, hence the use of 
AC-DC and DC-DC converters. AC-DC and DC-DC converters along with the designed digital control 
system together constitute the pulse charger. The pulse charger monitors and controls the frequency of charge 
pulses sent to the batteries. Master control is the controller used as an interface between the electronic 


components and the user. 
Master Batteries 
Controller 


Electrical 
Grid 


ES Dc 
Conve ES 


Dc- ES 
onve ES 


Control [ eontrotsystem | 


Figure 1. Structure for EV battery charging 


It communicates with the user interface as well as the designed BMS installed in the electric vehicle 
and also acts as the connector which is used for safe and efficient charging. The most preferred type of 
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battery today for electric vehicles is the lithium-ion battery due to its various advantages over lead-acid 
batteries [22]. The control system monitors and controls all the energy conversions up to master control. 
Master control along with the control system together monitors the charging activity of batteries making it 
more efficient and faster with minimum losses. Figure 2 represents the system architecture of the BMS [23]. 
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Figure 2. System architecture of BMS 


Figure 3 represents the block diagram of the proposed design. To enhance the system performance, 
mainly two circuits are monitored and controlled those are the charger power circuit and the charger control 
circuit. As stated above, the pulse charging technique is preferred in this design. MOSFET circuit is used to 
trigger the pulse charging unit when connected to the batteries either for the charging or discharging process. 
The proposed BMS along with charger power and control circuits increases the efficiency and performance 
of the battery as well as its life span. The design also consists of four driver circuits, which are the relay 
circuits that are used to drive the four batteries utilized for experimentation. 
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Figure 3. Block diagram of proposed design architecture 


To well optimize the charging process and time, PID control action is used. The parameters of PID 
control action are decided with the help of neural networks and feed forward artificial neural network (ANN) is 
also implemented. PID triggers the MOSFET. MOSFET circuitry controls the PWM of charge pulses. 
Controlling the PWM means controlling the charge/discharge cycles of the battery. Distribution of incoming 
charging pulses to the required batteries of a battery pack is another important aspect to be considered. A BMS 
is hence implemented (i.e. programmed in Arduino Uno controller) to monitor this aspect. 


3. Functions provided by the designed battery management system 
The primary function of a battery management system is to protect from excessive heat or cold, voltages 
that are too high or too low, and shorts that can occur in the system. The BMS offers protection to the cells by 
shutting down the battery if any of these events occur. Following are the fuctions provided by design BMS: 
a. Charging control: inappropriate charging can damage the battery. Hence it is of utmost importance to 
monitor the charging process to prevent damage as well as optimize the charging process to make it fast 
and accurate. 
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b. Discharging control: fluctuations in load can damage the battery [23]-[25]. This makes it essential for 
BMS to monitor the discharging process and auto-cut the load under the occurrence of uncertain 
situations if any. 

c. Determine SoC: SoC is an important parameter stating the battery condition, making it a key role for 
BMS to continuously track the SoC. 

d. Determining state of health (SoH): SoH gives an idea of battery health, hence monitoring SoH can inform 
us appropriate time for battery replacement. This will make the system well efficient improving the 
battery capacity and helping eliminate adverse effects in case of any battery failure. 

e. Cell balancing: giving weaker cells priority for charging to equalize charge on all cells will help 
compensate the weaker cells and keep a perfect balance among them. While using chains of multi-cell 
batteries, minor differences between cells most commonly due to operating conditions or production 
tolerances, magnify according to each charge/discharge cycle [25], [26]. Also, weaker cells tend to be 
overstressed while charging causing battery failure. BMS helps incorporate cell balancing techniques to 
compensate for the differences. 


4. EXPERIMENTAL SETUP 

Figure 4 illustrates the experimental setup of the proposed design. The setup consists of four 
batteries, two four-relay circuits, a controller circuit, a fuse, a MOSFET circuit, a pulse charging unit, a 16x4 
LCD, and a cooling fan. As a prototype, a battery pack of four Li-ion batteries each of 12 V rating is 
considered. The two four-relay circuits are used to drive these four batteries to avoid overvoltage/overcurrent 
situations. It also consists of a cooling fan which is switched ON/OFF automatically in case the temperature 
of any of the batteries rises above a certain limit to avoid overheating hazards. The proposed design is based 
on improvements in pulse charging. Hence the setup also consists of a pulse charger unit to charge the 
batteries. MOSFET circuit is used as a switching circuit that is triggered by PID control action. A fuse is also 
used as a protection device. 16x4 LCDs the results of monitored battery parameters such as SoC, 
Temperature, state of a cooling fan, and battery number which is monitored/charged/discharged. This 
working of the entire system is controlled and operated using an Arduino Uno controller. 

Figure 5 illustrates a detailed view of the used circuitry. We can observe the 16x4 LCD unit, and the 
four driver circuits i.e., the relay circuits named B1, B2, B3, and B4. B1 represents the driver circuit to drive 
the first battery, B2 drives the second battery, B3 drives the third battery, and B4 drives the fourth battery. A 
temperature sensor is used to sense the overall system temperature. In case, of excessive heating or 
temperature rise, the control system will switch on the cooling fan automatically. Arduino Uno controller 
monitors and controls the whole system operation, which is interfaced with the whole project using its 
development board. Table 1 shows the hardware parameter details and its specifications. 


DRIVER 


TEMPERATURE SENSOR 


MICRO CONTROLLER 


Figure 4. Experimental setup of the proposed design Figure 5. Experimental setup (detailed view of used 


circuitry) 
Table 1. Hardware parameter details 
Sr. No Hardware Specification 
1 Battery Lithium ion 12V, 7 Ah, PVC, 4LB 
2 Fuse 10 Amp, 
3 Arduino Uno AVR microcontroller, Atmega328, 14 I/O ports 
4 Transformer Input 0-230 V, Output 0-12 V 
5 Temperature sensor (DHT11) 3 to 5 V powerand I/O, 3 pins, Dimensions:15.5 mmx12 mmx5.5 mm 
6 LCD 16x4 LCD 
7 Cooling Fan 12 V DC, 0.9 Amp 
8 Four relay circuit Sugar can relay 
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3.1. Case 1: all batteries fully charged 


Figure 6 depicts the LCD for parameters. When, all the battery is showing fully charged. SoC is 
displayed 100%, all batteries are monitored, and the temperature is 27 degrees. As the temperature is near 
room temp, and the cooling fan is off. 


Figure 6. Parameters displayed for case 1 


3.2. Case 2: charging mode 


Consider the scenario where the SoC of the third battery is lower. Hence this battery requires 
charging. As the batteries are controlled via relay circuits, to access the third battery we need to turn ON the 
third relay. Figure 7 shows the LED on the relay circuit is glow red, indicating the ON state of relay 3 (B3) 
hence connecting the third battery with the charging unit. Initially, SoC of battery 3 is 75.05% at 27 degrees 
which is shown in Figure 8. After certain seconds the SoC is increased from 75.05 to 76.75 as shown in 
Figure 9, to 78.75 as shown in Figure 10 Further increased to 79.75 as shown in Figure 11, and 81.25 as 
shown in Figure 12 keeping all other parameters constant and it is gradually increasing. 
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Figure 11. SoC=79.75 Figure 12. SoC=81.25 


3.3. Case 3: discharging mode 
Switching towards the discharging mode, batteries will start supplying the current to loads. 
Figure 13 shows SoC of the batteries is 97.50, which states that all batteries are almost fully charged and 


ready to drive the load. Figure 14 shows SoC reduced to 95.75 which states that batteries are successfully 
driving the load. 
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Figure 13. SoC=97.50 for all batteries connected Figure 14. SoC reduced to 95.75 


Table 2 illustrates the results of various test case scenarios performed on the setup. Approximately 
38 mins are required to fully charge the battery. SoC percentage while charging process for all four batteries 
with time gradually increasing from O to 38 mins at a regular interval of 2 mins is shown in the table. The 
temperature rises to 43° starting from 24°, this is within tolerance limits for the elements. 


Table 2. Hardware results 


Time in sec. Battery 1 (SOC %) Battery 2 (SoC %) Battery 3 (SoC %) Battery 4 (SoC %) Temp. 
0 24 34 49 52 24 
2 37 34 49 52 24 
4 48 34 49 52 25 
6 67 34 49 52 26 
8 79 34 49 52 26 
10 90 36 49 52 27 
12 90 48 49 52 27 
14 90 63 49 52 27 
16 90 84 49 52 28 
18 90 90 53 52 29 
20 90 90 68 52 30 
22 90 90 81 52 32 
24 90 90 90 57 33 
26 90 90 90 72 34 
28 90 90 90 86 35 
30 92 91 92 91 37 
32 96 93 94 93 39 
34 97 95 95 96 41 
36 98 97 98 98 42 
38 100 100 100 100 43 


Figure 15 depicts the graph of SoC percentage plotted against time ranging from 0-38 mins. The 
SoC of four batteries is highlighted with four different colors. Also, Figure 16 depicts the graphical 
representation of the rise in temperature during the whole charging process plotted against time. 
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Figure 15. Battery-wise SoC 
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Figure 16. Temperature vs time 

Table 3 gives the comparison between the software and hardware implementation of the proposed 

design. It requires about 38 minutes to fully charging the batteries. The minimum tolerable temperature rises 


of 19° is observed. Certain fluctuations of the tolerable range are observed for all performance parameters in 
hardware implementation as compared to the software one due to the practical use of electrical components. 


Table 3. Comparison between software and hardware implementation 


Sr. No. Performance parameter Software implementation _ Hardware implementation 
1 Voltage 11.95 V 12.30 V 
2 Charge efficiency 90% 92% 
3 Charge time 35 min 38 min 
4 SOH 91% 93% 
5 SOC 93% 99% 
6 Temperature rise 20° 19° 
7 Charge current settlement time 18 ms 20 ms 
8 Life span 35% more 38% more 


5. CONCLUSION 

Electric vehicles are solely dependent on batteries as the power source. Hence BMS plays a vital 
role in EVs. The major sectors to be included in BMS are parameter monitoring units, protection systems for 
various inbuilt units, a system that can keep track and maintain the battery ever-ready to deliver maximum 
power to the load, and also systems that can help extend the battery lifespan. It should also include circuits to 
maintain the thermal side and charging time optimization. Various types of BMSs designed today tend to 
focus only on avoiding battery failure by monitoring voltage, current and internal temperature parameters 
along with charging/discharging ambient temperature. The proposed design ensures fast charging with 
minimum losses that too within 38 minutes. Implementation results validate the system performance while 
charging as well as discharging mode. Three test cases i.e., initial full charged, charging mode, and 
discharging mode is discussed in this paper. The system architecture includes fewer electronic components 
and circuits, reducing the overall system cost. 
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